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Structural Analysis : 

INTRODUCTION 

Mechanics, is the branch of physics concerned with the 30tructur of physical bodies when subjected to forces or displacements, and the 
subsequent effect of the bodies on their environment. 

o Statics - bodies at rest or moving with uniform velocity 
o Dynamics - bodies accelerating 

o Strength of materials - deformation of bodies under forces, 
o Structural Mechanics - focus on behavior of structures under loads. 

• Structural Analysis is a process by which the structural engineer determines the response of a structure to be specified loads or actions. 
Response: 

^Magnitude of force development (collapse) 

^Magnitude of deformation (serviceability) 


Structural engineering projects can be divided into 4 stages. 



1. Planning phase 


•Material ‘Structural form ‘Loads 

2. Analysis 

3. Design 

4. Construction 

The design of a structure involves many considerations, among which are 4 major objectives 
that must be satisfied. 

IjSafety (the structure must carry loads safely) 

2) Economy (the 31tructure should be economical in material and overall costs) 

3) Utility (the structure must meet the performance requirement) 

4) Beauty (the 31tructure should have a good performance) 

Therefore, the purpose of structural analysis is to determine the reactions, internal forces and 
deformations at any point of a given structure caused by applied loads and forces. 

Types of Structural forms 
•Tension and Compression structures 

•Flexural beam and frame structures (load carrying is achieved by bending) 

•Surface structures (load carrying is by membrane action) 







\ 


\ 

Compressive Failure 


Strength : Ability to withstand a given stress without failure. Depends on type of material and 
type of force (tension or compression). 

Stiffness : Property related to deformation. Stiffer structural elements deform less under the 
same applied load. Stiffness depends on type of material €, structural shape, and structural 
configuration.Two main types; Axial stiffness and Bending stiffness. 



[Stiff | T [Stiffer 
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| Stiff est 


Cables 



Arches carry' the dominant permanent load case 
(usually full dead load) m pure axial 
compression. 
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Bending 




Folded Plate 


Flat Plate 





























































































Support Connections 

• Roller support (allows rotation/translation) 
•Hinged connection (allows rotation) 

•Fixed joint (allows no rotation/translation) 



A beam have a variety of supports. 


- roller 

( 1-DOF) 

- hinged 

(2-DOF) 

- fixed 

( 3-DOF) 
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The process of defining an ideal structure from a real structure is called modeling. To carry 
out practical analysis it becomes necessary to idealize a structure. 



A beam have a variety of loads. 

- point loads 

- distributed loads 

- applied moments 


3 m 



idealized structure 














































A beam can be classified as statically determinate 
beam, which means that it can be solved using 
equilibrium equations, or it is ... 



(ft) Overhanging beam 



(t) Cantilever beam 

v.- v - j 

Statically Determinate Beams 


A beam can be classified as statically indeterminate 
beam, which can not be solved with equilibrium 
equations. It requires a compatibility condition. 


“ Lm j Is* 

{d) Continuous beam 



(e) Beam fised at one end 
and simply supported 
at the other end 
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{f) Fbted beam 


Statically indeterminate Beams 

























Foundation 


TYPES OF FOUNDATION 

Major Building Parts 


Superstructure - 


Substructure - 


Foundation 


INTRODUCTION TO FOUNDATIONS 



Function of a foundation is to transfer the structural loads 

from a building safely into the ground. 

•Purpose of foundation:- 

1. To distribute the weight of the structural over large area 
so as to bring down the intensity of load at its base 
below the safe bearing capacity of sub-soil. 

2. To support the structures. 

3. To distribute the non-uniform load of the superstructure, 
uniform to the sub-soil. 





















The foundation can be broadly classified into: 


□ Shallow foundations 
O Deep foundatjon^^^^ 

~1 «— Wall or column 


Level with 
firmer stratum 







/ 

More 
than 3 m 





Shallow foundation- 

•Depth less than or equal to Width. 
•B >=D 


•Deep foundation - 

•Depth more than Width. 
•B<D 


Shallow foundation Deep foundation 


B=width 

D=depth 


SHALLOW FOUNDATION 


>Placed immediately below the lowest 
part of the superstructure. Its purpose is 
to distribute the load over a wide area. 

^Shallow foundations are usually 
embedded about a meter or so into soil 

Types of Shallow Foundations: 

>Spread footing 
> Combined footing 
>Strap or Cantilever footing 
>Mat or Raft footing 


SPREAD FOOTING 

>A spread footing is a type of structural 
component that acts as a base for a 
building's foundation. 

>These components are constructed from 
concrete and are often reinforced with steel 
to add additional support. 

> Depending on the size and configuration of 
the building, the footers can be buried just 
below ground level or several feet below the 
surface 


TYPES OF SPREAD FOOTINGS 



fOOlMO 


srtivtDcauMM 

FOOTWG 


Foundation... 


• Isolated footing (single footing, column footing)...wall footing 
COMBINED FOOTING 

Combined footings and strap footings are normal used when one of columns is subjected to 
large eccentric loadings. When two columns are reasonably close, a combined footing is 
designed for both columns. 
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>When two columns are far apart, a strap is designed to 
transfer eccentric moment between two columns. 




Fig. 7 A. Combined footing (Strap beam may or may not be provided] 


>The goal is to have uniform bearing pressure. 



































































MAT OR RAFT FOUNDATION 


Raft 

Foundation 


rThe mat (or raft) 
foundation can be 
considered a large footing 
extending over a great area, 
frequently an entire building. 



PftCCAST CONCRETE B.0C< 
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Rg. 7.6 Rjft foundation 


Shallow Foundations 


^ Mat foundation 

Floating (Mat) foundation 



Shallow Foundations 


Stepped strip 
footings 



Grade Beams 



ADVANTAGES OF SHALLOW FOUNDATION 


a) Affordable Cost 

b) Simple Construction Procedure 

c) Material (mostly concrete) 


DISADVANTAGES OF SHALLOW FOUNDATION 


a) Settlement 

b) Limit Capacity Soil Structure 

c) Irregular ground surface(slope, retaining wall) 


PRECAUTIONS TO BE TAKEN 

>Water proofing (use waterproof membranes, 
asphalt coating) and drainage of foundations. 

>Frost protection through protective coatings and 
plastic foam insulation. 

^Building below the water table level is costly and 
sometimes damaging to the building. 

^Building close to an existing structure to be avoided 
(any digging activity on either sites will affect one 
another and can lead to costly repairs) 




































No foundation Concrete foundation Bnck footing 
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Plan concrete bed 

(a) Footing w*t\ untfocm thickr*** (b) Slopog looting 

Fig. 73. IsoUtcd R C.C footing 
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Slab Load — <jjj + Cover + Life Load N/m 

WBeam Load — S/afr Load + Beam weight N/m 
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UaaJI jA Iaj lH 3 jVl AxJoS A^Laa ^ La JjIa Y * 6j^5 ti!Lo» 

(LjIajJ %) ?4jkLuiAll UiluA ^.. Hri -ll) 

;(^A,jJl ) 0) dillUt JtjAAlt 

(ji djLalc- lit ^ULa ^jJLa fJtlu A (JAJ SjJ-uaLXAll Ajjljlt ^La^V Aaj!>Ut 4 a1a*J( CjI jLiAH 

(CjUjJ r) .Aj] jUI OLuobi]! ^l^luobj Jala ^jliJt <> O^bSit AjjISa) 

;Aa 11SI dilc'lja Cul£ ^jia ^UaS ^^ic. A-iljia ^Ajl JAa pi jaw] AJC- -UJ 

_ jlyfl-- >ua_ s Ai _ Y,Ao _ Y - - Y,Ao - Y,% A - - Y,©A - r,11 

^av_ \>r_ s Yr- .,tt ~ V*- ','A 

1-2- 
































4-pl^jLa (JjAa 3 & 4 juI ^11 lj1p>1^a 11 (Jii O^J 
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^ A.\jon iL^Ll Ujj Aibajjl CjLujLjjVI ^ A^Ja1»olaSI -LJ 
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With the 6est of wishes . 

examiners: (Dr. flfimed Taroufc^ Dr. So6hyJl. ‘Younes 
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